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Color Filters 

I. Thermal Imaging Equipment 

Color filter Images were prepared utilizing two different versions of imaging equipment. The first 
was a conventional drum type imager comprising a Creo Model 3244 Spectrum Trendsetter (Creo Inc., 
Vancouver, Canada) equipped with a 20W laser head operating at a wavelength of 830 nm, suitable for 
imaging of flexible receivers. Imaging assemblages were exposed from the back side through the donor film 
base as shown schematically in Figure 1. Films were mounted using vacuum hold down to a standard 
plastic carrier plate clamped mechanically to the drum. Control of the laser output was under computer 
control to build up the desired image pattern. The desired three color image was built up by sequentially 
exposing the red, green and blue donor films. The exposure order for the colors can be varied according to 
other system requirements (e.g. optimal exposure characteristics). 



i 



Figure 1. Layout of drum type imager 
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The second imager (the "flatbed") employed an identical imaging head, but was based on a 
flatbed format rather than the Trendsetter drum format The flatbed imager is preferred for exposure of 
relatively rigid, flat samples. This apparatus is shown schematically in Figure 3. The sample to be exposed 
was mounted using vacuum hold down to a translation stage positioned below the imaging head. During 
exposure the sample was translated past the imaging head at a speed of 1 .0 - 1 .2 m/s. Following the 
completion of each exposure pass, the imaging head was translated in the direction orthogonal to the 
sample translation to move a new unexposed area of film in front of the laser for the next Imaging pass. 
This process was repeated to bufld up the completed exposure. As in the drum imager, the desired three 
color image is prepared by sequentially exposing the red, blue and green donors to the same receiver glass. 
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Figure 3. Schematic layout of ffie flatbed thermal imager. 
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For both imaging systems, laser power was controllable and was adjusted in an iterative fashion to 
optimize image quality as judged by visual inspection of the transferred image on the receiving surface. 



II. Glass 

Images prepared via direct to glass imaging were prepared on Coming 1737 display grade glass 
(0,7 mm thick). Optionally, the glass can be previously imaged with a useful pattern. In one embodiment, 
prior to thermal imaging of the colors, a pattern of opaque chrome grid lines was prepared on the glass 
using conventional photolithographic processes. The chrome mask pattern is also frequently referred to as 
a black mask. The black mask grid pitch was approximately 9Q\i x 300^ typical of a conventional XGA 
displ^ for laptop computing applications. The glass used in imaging was ca. 12 w x 14" in sue with the black 
nv pattern covering an area of ca. 8° x 10 n . The donor films used in imaging were about 17" x 17*. 

Prior to preparation of the glass for imaging, the glass was careluliy cleaned. Surface debris was 
first removed by blowing high pressure ionized nitrogen gas (SJMCO Top Gun Ionizing Air Gun, Model 
4005105). The glass was then washed with soap (Micro® brand cleaner), rinsed with water, isopropanol 
and finally with deionized water. The glass was dried under nitrogen purge. Immediately prior to application 
of the receiver film (see below) the glass was again cleaned with high pressure nitrogen. 

III. Preparation of Materials 

A Chain Transfer Agent 
This material was prepared as described in US Patent 5,362,826, Berge, et. al. 

A 500 liter reactor was equipped with t -^flux condenser and nitrogen atmosphere. The reactor 
was charged with methyl ethyl ketone (42.5 kg)\v ^^pyl-bis(borondifluorodime1hylg!yoximato) 
Cobaltate (III) (Co III DMG) (104 g) and the contented ght to reflux. A mixture of Co III DMG (26.0 g), 
methyl methacrytate (260 kg), and methyl ethyl toetorW^.6 kg) was added to the reactor over a period of 4 
hours. Starting at the same time, a mixture of Vazo 67 ® (5.21 kg) and methyl ethyl ketone (53.1 kg) was 
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added to the reactor over a period of 5 hours. After the additions, the reactor contents were kept at reflux for 
another % hour. After cooling, this yielded 372 kg of a 70 wt % solution of Chain Transfer Agent (a chain 
transfer agent solution), which was used directly in the polymerizations. 

a. Acrylic Latex 

Tg (Glass transition temperature) vaiues reported are mid-point temperatures in degrees 
Centigrade from DSC scans recorded according to ASTM D3418-82. 

Molecular weights were measured by gel permeation chromatography (GPC). The equipment used 
consisted of the following: Columns, 2-5 mm x 300 mm x 7.5 mm (Poly Lab part# 1110,6500); Detector, 
Waters (Waters, Inc., Milford, MA) 410 Refractive Index detector; Pump, Waters 590; and Waters column 
heater. Conditions used were: Refractive Index detector internal temperature, 30°C; Column heater 
temperature, 30°C; THF solvent, 0.025% BHT inhibited (from Omnisolv, part# 7X0282,1 distilled LC grade); 
Row rate, 1 ml/min; Concentration, 0.1% (10 mg/10 ml). Samples were prepared by dissolving parts of the 
2 samples used for solids determination overnight with gentle shaking, and then filtering through 0.5um filter 

(Miilipore, Bedford, Mass., part# SLSR025NB). 

Dynamic fight scattering was performed using Brookhaven instrument B1-9000AT digital correlator 
M (Brookhaven Instruments, Brookhaven, NY), An argon-ion laser with wavelength 488 nm and power 200 

rU mW was used. Measurements were made at room temperature with scattering angle 60°. The samples were 

® diluted 200 pL into 20 mL water then again 1 00 pL into 20 mL water, and then filtered with 0.45 micron filter. 

5* The results are reported as diameter (particle size) in nm units. For general discussions of the determination 

(3 of particle sizes by quasielastic light scattering, see Paint and Surface Coatings: Theory and Practice, ed. By 

P R. Lomboume, Eilis Horwood Ltd., West Sussex, England, 1987, pp. 296-299, and The Application of Laser 

^ Light Scattering to the Study of Biological Motion, ed. By J. C. Eamshaw and M. W. Steer, Plenum Press, 

p . NY, 1983, pp. 53-76. 

ffj An acrylic latex (PR-1) of controlled molecular weight was prepared as described below, using the 

chain transfer agent solution produced above, according to the method in Antonelli, et. at., US Patent 
6,773,534. A acrylic latex of high molecular weight polymer resin (PR-2) was prepared by the same method 
omitting the chain transfer agent 

A 3-L, round bottom flask was equipped with a condenser, addition funnel, mechanical stirrer, and 
temperature controller probe. Polymerizations were carried out under a nitrogen atmosphere in the flask. 
Monomers and initiators were commercially available (Aldrich Chemical Co., Milwaukee, Wl) and used as 
received. The surfactant was Polystep B-7, a 29 weight % solution of ammonium lauryl sulphate in water, 
available from Stepan Co., Northfieid, IL. 



Table 1. Ingredients for Synthesis of Aciylic Latex PR-1 



Reagent 


Grams 


Polystep B-7 


6.90 


Ammonium Pereulfate 


0.4O 


Methyl Methacrylate 


244.00 


Glycidyl Methacrylate 


8.00 


Butyl Acryiate 


120.00 
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MethacryficAcld 
chain transfer agent 
solution 



12.00 
16.00 



The materials shown in Table 1 were employed In the quantities shown. 700 rnL of water and the 
Polystep B-7 were charged to the flask, which was stirred and heated to 85°C. The ammonium pereulfete 
was dissolved in 100 mL water, and 80 mL of this persulfate solution was added to the flask. Half of the 
weight of the monomers, except for the methacryfic acid, were mixed and charged to the addition funnel, 
and about 20 mL was added immediately to the flask. After a few minutes, the remainder in the addition' 
funnel was added, dropwise, over a time period of about 1 hour, while the temperature in the flask was held 
between 85 and 90°C. The remaining monomers, including the methaciylic acid, were mixed, added to the 
addition funnel, and added to the reaction over an additional time period of 1 hour, still keeping tHe 
temperature in the flask between 85 and 90°C. After the addition of the remaining monomers was finished, 
the remaining persulfate solution was added, and the acrylic latex was heated at 85°C for % hour, cooled to 
room temperature, and filtered through paint strainers into plastic bottles. 

The acrylic latex may be neutralized in the reactor (neutralized form) or It may be used as prepared 
(acidic form). The neutralized acrylic latex has poorer storage stability but eliminates the requirement for 
neutralization during the coating steps described below. The acidic form of the acrylic latex whicH exhibits 
improved the storage stability requires neutralization during the coating steps. Neutralization of the acrylic 
latex was accomplished by adding 18g of a 25% wAv solution of N.N-dimethylethanolamine in water to the 
acrylic latex in the reaction flask prior to filtration. The neutralized acrylic latex had a pH of 8.5. 

Solids content was measured by putting about 5 grams of acrylic latex in a tared, 5-cm aluminum 
pan, which was placed in a 75°C vacuum oven at about 400 mm Hg vacuum for 1 to 2 days. 

A second acrylic latex (PR-2) was made by the procedure above with the monomer content shown 
in Table 2. The compositions and analytical data for the polymer resin of the acrylic latex are summarized in 
Table 2. Compositions of the polymers are In weight percent on polymer soOds based on the chain transfer 
agent solution, MMA, BA, MAA, and GMA. 



Table 2. Composition and Analytical Data for Polymer Resins. 

Sample Solids Chain Transfer MMA BA MAA GMA Particle Tg Mn Mw 

Agent Solution Diameter (°C) 

— — - (nm) 

PR-1 33.1 4 61 30 3 2 86 55 2.0x10" S.5x10* 

PR-2 33.4 0 48 40 10 2 91 32 



C. Pigment Dispersions 

Pigment dispersions were prepared by dispersing the appropriate pigment in polymeric dispersants 
in basic aqueous media. Color filters for LCD display applications require very high transparency (see for 
instance T. Sugiura, "EBU Color Filters for LCDs", Society for Information Display, Digest of Technical 
Papers, 2001 , 33, p146-9). In order to meet these transparency requirements, the pigments used fn this 
work were generally milled to give particle size distributions with greater than 90% of the particles fiaving 
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diameters less than 200 nm as determined by conventional light scattering methods. A list of the 

dispersions employed in the production of the color filters Is shown in Table 4. 

Dispersion PD-R2 was prepared as described in Chu, et al. f US Patent 5,231,131 utilizing an 
aqueous graft copolymer dispersant 

Table4. Pigment dispersions used in preparation of color filter donor films. Abbreviations for pigments are 
as defined in The National Printing and Ink Research Institute Raw Materials Data Handbook 0 , Volume 4, 
Second Edition, 2000. 



Dispersion 


Color 


P:B Ratio « 


Vo Pigment 


% Solids Pigment 


PD-B1 


Blue 


2.0 


33.7 


50.5 


Pigment Blue 15:6 


PD-G1 


Green 


2.3 


35.0 


50.0 


Pigment Green 36 


PD-R3 


Red 


1.5 


24.0 


40.0 


Pigment Red 254 


PD-R1 


Red 


3.5 


15.4 


45.0 


Pigment Red 177 


PD-R2 


Red 


1.5 


15.5 


25.3 


Pigment Red 149 


PD-V1 


Violet 


2.3 


34.0 


48.5 


Pigment Violet 23 


PD-Y2 


Yellow 


1.5 


25.0 


42.0 


Pigment Yellow 74 


PD-Y1 


Yellow 


2.3 


28.0 


40.0 


Pigment Yellow 83 



IV. Glass Receiver Film 

A receiver film was prepared as follows. A coating composition was prepared with the ingredients 
shown in Table 6. The composition was coated to a dry coating weight of 30 mg/dm 2 on a supporting base. 
The coating composition was coated on the Elvax 550 side of a supporting base having a 2.5 mil thick 
Elvax® 550 (ethylene vinyl acetate coploymer, DuPont) layer coated onto 4 mil thick Cronar® 471X 
(polyester, DuPont support film). The coated supporting base was dried at temperatures which increased 
from an initial value of about 38°C to a final value of about 65°C over a period of about 5 minutes. The 
smooth dried coated surface of the film was covered with a smooth polyethylene ooversheet to prevent 
contamination of the coated surface during subsequent handling. 



Table 6. Receiver film coating composition (RF-1). 



Material 


Weight, grams 


PR-2 acrylic latex 


12574 


Zonyl® FSA (25% solids 


43.2 


solution) 




N.N-Dimethylethanolamine 


109.6 


Butyl cellosolve 


1106 


Distilled Water 


22186 



V. Glass Pretreatment Process 

The receiver glass was prepared for imaging by lamination of the glass receiver film. The 
lamination was carried out Riston® Model HRL-24 Roil Laminator (DuPont). After removing the cover sheet, 
the receiver film (RF-1) was placed with the coating side in contact with the cleaned surface of the glass (the 
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surface with the preformed opaque chrome mask). Lamination was carried out with the rollers heated to 
97»C at a speed of 0.2 meters/minute. The laminator air feed was adjusted to a pressure of 40 psi. 
Following lamination, the assembly was allowed to cool completely before removal of the coating support 
In practice the removal of the coating support was generally carried out immediately prior to imaging in order 
to protect the receiver coating surface from contamination in handling. After removal of the coating support 
the surface of the receiver coating on glass is very smooth. Measurement of the surface roughness of the 
laminated receiver coating with a Wyko Model RST Plus Surface Profiler (Wyko Corp.. Tucson, Arizona) 
gave an average roughness (Ra) of 28 nm over a measurement area of 1.08 mm 2 . 

VI. Common Donor Materials 

In addition to the polymer resins and dispersions described above, additional raw materials 
required for preparation of the red, blue and green donor films were prepared as described below. 
£3 A. Film bases 

W Donors were coated on metallized polyesterfilm base as summarized in Table 8. All raw polyester 

jj base film was provided by DuPontTeijin Rims (Wilmington. Delaware). Metal coatings were applied by CP 

jy Films Inc. (Martinsville, Virginia). 

3 

f ^gggg^g^Bena^^e tonormm, Films^metu^to 50% 

| SSS473 ^^BB Comments = 

M Melinex®6442 4 This base Incorporates a filter dye absorbing at 670 nm 

g IhMLRIII 1 (OD=0.6 + /- 0.1) with OD< 0.07 at 830 nm. 



m 
ru 



Mel,nex®453 2 



B. Additional Raw Materials 

Additional commercially available raw materials required for preparation of donor films are 
summarized in Table 10. 



Table 10. Additional raw materials. 



Material 



Zonyl® FSA (supplied and used 
as a 25% solids solution) 
Butyl ceflosolve 
Ammonium hydroxide 
2-[2-[2-chloro-3-[[1 ,3-dihydro-1 ,1- 
dimethy|-3-(4-sulfobutyI)-2H- 
beii4e]indof-2-yfidene]ethylidene}- 
1-cyciohexen-1-y1JethenyI]-1 ,1- 
dimethyl-3-(4-sulfobutyr>-1 H- 
benzfelindolium, inner salt 



Abbreviation 



Source 



NIR-1 



DuPont — - 

Sigma-Aldrich 

H. W. Sands (Jupiter, Florida) 



VII. Donor Formulations 

Donorfilm formulations are summarized in Table 12. The amounts of materials listed in Table 12 
were added to a stirred 40L stainless steel vessel under afr in the order water, Zonyl® FSA, NIR-1, polymer 
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resin (either pre-neutralized or neutralized with the specified amount of 3% ammonium hydroxide 
immediately prior to use) and pigment dispersions. The formulations were then stirred for 24 - 48 hours and 
filtered through a 5ji filter. These formulations were coated onto the specified film bases and were dried at 
temperatures which increased from an initial value of about 38°C to a final value of about 65°C over about 5 
minutes. 



Table 12. Formulations for donor coatings. All weights am listed In grams. 



Material 


CF-1R 


CF-1B 


CF-1G 


CF-2R 


CF-2B 


CF-2G 


Film Base 


Mellnex® 6442 


Mellnex® 473 


Mellnex® 473 


Mellnex® UX111 


Melinex® 453 


Mellnex® 453 


Metallization 


Crat 50%T 


Crat50%T 


Cr at 50%T 


Cr at 50%T 


Cr at50%T 


Cr at 60%T 


Optical 
Denslty(a) 


2.40 <3 473 nm 
1.45 @ 551 nm 


2.03 @ 610 nm 
1.89 @ 763 nm 


1.73 @ 655 nm 


1.97 @553 nm 


2.23 @ 763 nm 


1 .53 © 423 nm 


Coating welsh t 
(mgJdm 2 ) 


18 


106 


16.1 


11.1 


13.9 


14.9 


PD-B1 


• 


2131.2 


* 




3853.0 




PD-V1 




111.2 


- 




201.0 




PD-G1 


- 


- 


1285.1 


* 


- 


4073.2 


PD-R1 


308.6 












P0-R2 


4263.2 


• 


- 


- 


- 




PD-R3 




- 




2531.3 


* 




PD-Y1 








723.2 




1272.8 


PD-Y2 






388.8 








PR-1 

(Neutralized) 


2647.6 


2913.2 


1114.6 








PR-1 (Acidic) 








1344.7 


5255.2 


3911.0 


2onyl(f) FSA 


43.2 


43.2 


24.0 


36.0 


78.1 


79.2 


NIR-I 


37.2 


37.2 


20.6 


31.0 


67.1 


68 2 


Ammonium 
hydroxide 








33.7 


131.5 


97.8 


Defonized water 


10701-3 


12764 Q 


7188.9 


13300.2 


24670.0 


26498.0 


Total Solution 
Weight 


18001 


18000 


10000 


18000 


34256 


36000 


Percent Solids 


12.00% 


12.00% 


12.00% 


10.00% 


11.50% 


11.05% 



Notes 

(a) Optical densities were determined on futty dried coatings on 50%T base vs. air reference. 
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VIII. Direct to Glass Imaging 



A. Exposure conditions 

Color filter samples on glass were prepared using flatbed imager and the exposure parameters 
indicated in Table 14. One color filter (CF-1) was prepared using donors CF-1R, CF-1B and CF-1G and two 
color filters (CF-2A and CF-2B) were prepared using donors CF-2R, CF-2B and CF-2G. During exposure of 
the donor films, the ambient environment was maintained at a preferred exposure condition of 40 ± 5% RH 
and 22±2°C. 



Table 14. Exposure parameters used in production of color fitter samples. 





CF-1 


CF-2A and CF-2B 


Exposure Setting 


CF-1R 


CF-1B 


CF-16 


CF-2R 


CF-2B 


CF-26 


Laser Power (watts) 


6.25 


5.50 


5.75 


4.75 


4.50 


4.75 


Surface Depth 
(microns) 


120 


85 


75 


40 


72 


52 


Swath Width 
(microns) 


958 


958 


958 


I 953 


956 


959 


Writing Velocity 
(meter/sec) 


1.2 


1.2 


1.2 


1.2 


1.2 


1.2 


Exposure order 


3 


1 


2 


2 


3 


1 



B. Imaging Procedures 

Following the exposure of each donor film, the spent donor was separated from the glass surface in 
the following manner. This procedure has been shown to significantly increase image quality of the color 
filter line patterns. During the peeling process, a metal rod with diameter of 1.5" was held in firm contact 
with the donor film. The rod was then used to maintain a constant radius of curvature of the donor film 
during the peeling process. The peeling process was carried out a uniform speed of ca. 1.25 meters/minute. 
The direction of the peeling process was arranged parallel to the lines of the color filter pattern as shown in 
Figure 5. 
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BEST AVAILABLE COPY 




Following exposure of the first color donor, vacuum channels were formed by the transferred pigment 
sandwiched between the receiver surface and the surface of the next donor to be Imaged. These vacuum 
channels facilitate improved vacuum draw down of the second and third color to be imaged to the receiver. 



IX. Overcoating Film 

An overcoating film was prepared using the composition listed in Table 16. This solution was 
coated with a #12 Meyer rod to give a dried coating on Melinex® 573 base. The film was dried for 12 
minutes at 50°C to give a dried coating (82 mg/dm 2 ). Preparation of the overcoating film with the low 
molecular weight polymer resin (PR-1) leads to improved surface smoothness of the final overooated color 
filter assembly. 



Table 16. Formulation ofovetvoating film (0O1). 



Material 


Weight (grams) 


PR-1 (neutralized) 


86.62 


ZonyKS) FSA 


0.14 


Butyl celtosolve 


7.34 


Deionized water 


5.89 



A thinner version of the overcoating film was prepared (Table 1 8) and coated with a #8 Meyer rod 
and dried at 45°C for 18 minutes to give a dried coating (3.0 mg/dm 2 ). 



Table 18. Formulation for thin overcoating film (OG-2). 



Material 


Weight (grams) 


PR-2 (Acidic) 


111.75 


Zonyl® FSA 


0.50 


Butyl cellosolve 


12.50 


Ammonium hydroxide (3% by weight) 


2.79 


Deionized water 


72.46 
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X. Overcoating Process 

Following the transfer of the color filter pattern to the surface of the glass, it is optional to add a 
colorless transparent overcoat to the surface of the color filter as shown schematically in Figure 7. Various 
means may be employed to apply this overcoat In one embodiment the overcoat may be laminated from a 
carrier sheet as described in more detail below. Alternatively the overcoat may be applied as a liquid by 
conventional spin coating technologies followed by thermal drying and annealing to yield the final durable 
overcoat. 



91 
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Figure 7. Schematic cross-section of the color filter pattern on glass showing the arrangement of the 
overcoat 

Colorless transparent 
overcoat (optional) 

Color filter pattern 
Black Mask 
Glass 



A. Laminated Overcoat 

The overcoat film described above can be laminated to the finished color filter using either a roll- 
through lamination process employing a laminator with heated rollers or a press laminator with heated 
platens. In a typical press lamination a lamination stack was prepared as shown in Figure 9. 

Figure 9. Lamination stack used for lamination of the overcoat on to the color filter In a press laminator. 

■1/16" stainless steel plate 
-Teflon® sheet 

Fiber reinforced rubber 




— Overcoating film 
Color filter pattern 
Glass 
Mylar® 

Fiber reinforced rubber 
Teflon® sheet 
1/16" stainless steel plate 
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The lamination stack was placed in the vacuum laminator (Tetrahedron Model MTP13) and the sample 
chamber was evacuated to less than S torr. After evacuation, a series of up to nine bump cycles at 3 psi 
was carried out to remove any trapped air between the overcoat film and the color filter on glass. 
Lamination was then earned out at a temperature of 110«>C and a pressure of 60 psi. Hold times varied from 
3 to 60 minutes. 

Application of the roll overcoat by roll through lamination was carried out using the Riston® Model 
HRL-24 laminator at 110°C with the feed air adjusted to 80 psi and at a translation speed of 0.1 
meter/minute. 

Samples overcoated by spin coating utilized conventional spin coating techniques. Following 
application of the overcoat solution, the samples were heated to completely remove the spin coating solvent 
The overcoating methods used for preparation of LCD display samples are summarized in Table 

.20. 

at 

O . Tab/e 20. Overcoating methods u sed for color filters used in preparation of LCD display samples. 

m 



Sample 


Overcoat method 


CF-1 


Press laminated, thick overcoat OC-1 


CF-2A 


Spin coated overcoat 


CF-2B 


Press laminated, thin overcoat OC-2 



rv 
m 

s 

a 

yi XI. Final Annealing 

Hj Prior to incorporation of the color filters into functioning displays, the color filters were annealed at 

P 200 ° c for 60 minutes in air. The annealing process crosslinks the epoxy monomers to yield improved 

fU solvent resistance and mechanical properties for the annealed colorfilter. Samples which employed 

laminated overcoats were annealed after the application of the overcoat Samples which employed spin 
coated overcoats were annealed prior to application of the overcoat The annealing step also affects the' 
bleaching of NIR dye without the requirement of incorporation of a chemical bleaching agent into the donor 
formulation. Alternatively a chemical bleaching like 1,3-dichIoro-5,5^imethyl-2,4-imidazolidinedion6 can 
also be incorporated In the compositions On one or more of the receiver film, donor film, overcoating film or 
overcoating solution) to effect NIR dye bleaching. 

XII. Incorporation of Color Filters into Liquid Crystal Displays 

Color filter samples CF-1, CF-2A and CF-2B were all successfully incorporated into functional 
active matrix liquid crystal displays using techniques which are well known within the liquid crystal display 
industry (see. for instance "Fundamentals of Active-Matrix Liquid-Crystal Displays-. Sang Soo Kim. Society 
for Information Display Short Course, 2001 and U.S. Patent 5,166,026). 
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